α-synuclein human recombinant (α-syn) expressed in E. coli (MW 14460) was obtained from rPeptide. Stock solution was prepared in Tris 10 mM/HCl buffer (pH 7.4, 0.15 M NaCl) at concentration of 1 mg/ml. Protein concentration was determined measuring the absorption spectra with a Lambda900 spectrophotometer (Perkin Elmer) using 275 = 5600 M −1 cm −1 . FK506 Binding Protein (FKBP12) expressed in E. coli (MW 11900) was supplied by CIRMMP (Italy, Florence). The purity of FKBP12 was greater than 95% determined by 1
SDS electrophoresis. The concentration of FKBP12 in Tris buffer was determined by UV absorbance at 280 nm using 280 = 9970 M −1 . ElteN378 was synthesized as reported in Ref.
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In Figure S1 , we show the chemical structure of the chiral ElteN378 (on the right) along with the structure of the ElteN378 bound to a FKBP12 protein (on the left). 1 The design of ElteN378 is such that the two carbonyl oxygen atoms (highlighted in the chemical structure of Figure S1 ) can make two H-bonds with the hydrogen atom of the hydroxy group in Tyr82
(PDB atom label HH) and the amide hydrogen atom NH of Ile56 of the FKBP12 protein, while the two non polar phenyl moiety interact via π − π stacking. Thioflavine T (ThT) was purchased from Sigma-Aldrich Chemie GmbH (Schnelldorf, Germany). Tris 10 mM/HCl buffer was prepared with Trizma®base, Trizma®hydrochloride and NaCl purchased from Aldrich and used as received. All solutions were prepared with deionized water (resistivity =18 MΩ cm, pH = 5.6 at 20
• C) obtained from a Milli-RO coupled with a Milli-Q set up (Millipore, Italy).
Photo-physical investigation of aggregation kinetics
Fibrillation was achieved by incubating 1 µM monomeric α-syn stock solutions in glass vials at 37
• under constant stirring. Three sets of independent samples were prepared with the same concentration of α-syn. Appropriate amount of FKBP12 was added to two series of samples to reach a final concentration of 1 µM whereas the FKBP12 inhibitor, ElteN378, was added only to one of the three sample lines to reach a final concentration of 200 nM. Except for the moderate agitation, which is known to greatly accelerate the diffusionlimited aggregration process, these experimental conditions were chosen in order to observe aggregation phenomena using physiological protein concentration 2-4 and pH levels. In this regard, it should be mentioned that in many biochemical in vitro studies of α-syn aggregation, high levels of α-syn monomer (40-200 µM) are commonly used and the process is often seeded with polyamines or fibril fragments. With such experimental setup, aggregation occurs very quickly, producing mature fibrils in just 20-40 h. The significance of these kind of studies for the aggregation kinetics of α-syn in physiological conditions (and in PD etiology in general)
is unclear.
Fluorescence spectra were recorded on a LS50B spectrofluorimeter (Perkin-Elmer). Excitation and emission slits were set to 10 nm. QS cell with 0.3 cm optical path length from Hellma (Hellma GmbH & Co. KG, Muellheim, Germany) were used for fluorescence experiments, whereas 1 cm OP cuvettes were used for absorption measurements. Cuvettes were cleaned with piranha solution and carefully rinsed with water and ethanol. The cuvettes were dried by nitrogen flushing prior to each measurement. All fluorescence measurements were run at 20
• C unless otherwise stated. The emission spectra of the corresponding blank solutions were always recorded separately and subtracted. Emission spectra of the samples containing the ThT probe were obtained exciting in the 300-450 nm range. Emissiondependent excitation spectra were acquired for emission wavelength in the range 430-500 nm. Reported data represent the average of at least three independent experiments.
Imaging of mature fibrillar aggregates 
Simulation procedures
The α-syn monomer chain is represented in our coarse-grained (CG) approach by 15 beads, made up of three distinct part of five beads length each, i.e. a central hydrophobic part (corresponding to the NAC domain) and two terminal hydrophilic parts. As shown in Figure   S3 , in the monomer, the CG beads have hence only two possible colors, namely hydrophilic Figure S3 , 56, 152, 256 and 512 random molecules of α-syn. Each of these 5 series of simulations was performed in triplicates for error assessment. All simulations were carried on at constant volume and constant temperature. Temperature was held constant to 300 K using a Nosé-Hoover thermostat. The equations of motion were integrated using a multiple time step algorithm with the longest step corresponding to about τ = 1 × 10 −4 t c where
is defined as the hypothetical mean collision time between free hydrophobic beads with V , σ, m b and n b being the volume of the MD box, the van der Waals radius of the hydrophobic bead, the mass of the bead the total number of beads, respectively. The cutoff for the non bonded interactions was set to 50 nm. All simulations were done using the program ORAC.
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We stress here that, since the CG driven aggregation process is diffusion limited, the final aggregation pattern for the various fractions of FKBP12-doped α-syn does not change if one choose an initial concentration of 1 µM (data not shown) as in the experimental setup.
However, as t c depends linearly on the volume, the length of the simulation to observe the final aggregation state should be extended up to at least 200 millions of time steps.
The supporting material includes the CG topological and parameter file and ORAC 9 input examples for free synuclein and for FKBP12-doped synuclein, as well as instructions for reproducing the CG simulations at C=30 µM or at C=1 µM of α-syn.
Fluorescence spectra of ThT 3 µM in Tris Buffer
ThT emission and excitation spectra in buffer solution (shown in the Figure S4 The dissociation constant for the FKBP12-α-syn complex in presence of the tight binding inhibitor ElteN378 is given by
where C is the concentration of the equimolar FKBP12 α-syn mixture, C E is the ElteN378 nominal concentration such that C E < C, and [FS] is the concentration of the FKBP12-α-syn complex at equilibrium. In Eq. 1 we have tacitly assumed that: i) all added ElteN378 is instantly bound to FKBP12;
1 ii) the concentration of the species [F n S] with n > 1 are negligible when C=1 µM iii) the equilibrium in the reaction FKBP12 + αsyn ↔ FS is established at day zero.
We now define f = (C − C E )/C as the fraction of available (not inhibited) FKBP12 and r = K d /C as the ratio between the FKBP12-α-syn dissociation constant and the concentration of the 1:1 FKBP12/α-syn mixture. Solving Eq. 1 for φ ≡ [FS]/C, we obtain that the fraction of FKBP12 proline bound α-syn with respect to the initial concentration C is given by
φ in Eq. 2 depends hence on the reduced quantity r = K d /C. In Figure S7 we show fraction of FKBP12 bound α-syn as a function of the fraction of available (not ElteN378-inhibited) FKBP12, ranging from 0 (C Elte = C F ) to 1 (C Elte = 0, no inhibitor). Assuming r = 1 (i.e. 
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According to our aggregation model, the FKBP12 globular protein induces ramification of the supramolecular structure and is hence expected to be localized on a hydrophilic segment at the junction of the branches. The localization of FKBP12 in the aggregates is assessed from our configurational data using the Voronoi tessellation algorithm. 19 The final configurations are examined by computing in all samples the Voronoi volumes on the sub-ensemble of beads made by all the hydrophobic units and by all beads (mutated or not) in position 2 of an hydrophilic segment (see Figure S3 ). Voronoi volumes are evaluated in periodic boundary conditions using the minimum image convention and by closing the polyhedrons, when needed, by introducing 8 distant octahedral additional vertices placed at a distance of 10 4 nm from the central bead. In this manner, exposed beads have faces determined by the distant octahedral vertices, yielding extremely high Voronoi volumes. As discussed above, in the FKBP12-α-syn mixture, a fraction of these hydrophilic beads is replaced by hydrophobic ones. As shown in Figure S8 , the Voronoi volume distribution in the final state of pure α-syn Figure S8 : Voronoi volume distribution of the hydrophobic beads in pure α-syn. Volumes for exposed residues are in the range V = 10 4 : 10 12 nm.
peaks at about 20 nm 3 indicating a tight packing of the hydrophobic core of mature fibrils.
Based on the distribution of Figure S8 , we define a bead to be buried (i.e. within the interior of the hydrophobic core of the supramolecular aggregates) when its Voronoi volume is less than 50 nm 3 . In Table S1 Table S1 , we expect that 1/3 of α-syn monomers are FKBP12-bound and that in these complexes only about the 10% of the FKBP12 is buried in the supramolecular cores. Hence, based on the simulation results, we estimate that in the 1:1 FKBP12-α-syn 1 µM mixture the amount of buried (non washable) FKBP12 in mature aggregates is in the nanomolar range (20:40 nM).
